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INTRODUCTION
Tumor lysis syndrome (TLS) is an oncologic emergency observed among patients with hematologic malignancies associated with significant morbidity/mortality if untreated. TLS occurs when tumor cells release their contents into the bloodstream, either spontaneou-sly or after chemotherapy, leading to hyperuricemia, hyperkalemia, hyperphosphatemia, and hypocalcemia (1) . Such metabolic sequelae are known to cause renal insufficiency, cardiac arrhythmias, seizures, and death.
The increased rate of cell turnover associated with proliferative disorders and chemotherapy induced cell turnover may result in an increased rate of urate nephropathy and nephrolithiasis (2) . This results from the rapid release of intracellular macromolecules that are metabolized to phosphorous and uric acid at a pace that may exceed the patient's clearance capacity. The hyperphosphatemia may result in precipitation of calcium phosphate crystals and lead to increased nephrolithiasis (3) . Lastly, hyperuricemia may lead to increased nephrolithiasis via intrarenal precipitation (4) .
Lymphoproliferative disorders are a set of diseases characterized by the abnormal proliferation of lymphocytes into a monoclonal population, and include a wide spectrum of diagnostic entities (e.g., follicular lymphoma, chronic lymphocytic leukemia (CLL), acute lymphoblastic leukemia (ALL), hairy cell leukemia, lymphomas, multiple myeloma, and Waldenstrom's macroglobulinemia). Myeloproliferative disorders are bone marrow stem cell disorders and include chronic myeloid leukemia, polycythemia vera, essential thrombocythemia, and idiopathic myelofibrosis, which all have potential to transform into acute leukemias.
While it is well established that lymphoproliferative/myeloproliferative disorders and tumor lysis can result in hyperuricosuria and hyperuricemia, there is limited literature describing the incidence of nephrolithiasis in this select population. There are case reports documenting nephrolithiasis among patients receiving chemotherapy for these disorders (5-7), and a single study examined a larger cohort (5) . Moreover, risk factors for nephrolithiasis in patients undergoing chemotherapy have been identified in the pediatric literature but not in an adult chemotherapy population (8) . We therefore sought to identify the incidence and risk factors of de novo nephrolithiasis after chemotherapy in adult patients with lymphoproliferative or myeloproliferative disorders.
MATERIALS AND METHODS
With Institutional Review Board approval, patients with lymphoproliferative or myeloproliferative disorders who received chemotherapy were identified through a retrospective view of the institution's electronic pharmacy and medical records (June 2001 through November 2011) at the University of California San Diego (UCSD) Health System. Searching for specific chemotherapy regimens in the UCSD Siemens and PCSi electronic pharmacy records, we identified patients with hematologic malignancies. The Siemens and PCSi retail pharmacy systems recorded each patient's name, medical record number, start and stop date of chemotherapy, chemotherapy regimen, and location of therapy (outpatient infusion center versus inpatient chemotherapy ward). The UCSD Siemens and PCSi electronic pharmacy database was searched for all chemotherapy regimens for all lymphoproliferative and myeloproliferative disorders treated during this time period (See Appendix 1 for a summary of these chemotherapy regimens).
After including all possible chemotherapy regimens in our query, 2,540 patients were identified. Each medical record was independently reviewed using the Epic medical record system (Verona, Wisconsin) to confirm that each of these patients indeed had a lymphoproliferative or myeloproliferative disorder. After reviewing each medical record and excluding patients who either did not have a hematologic malignancy or who already had a diagnosis of nephrolithiasis, we determined the population at risk to be 1,316 patients.
One hundred percent of patients included underwent CT abdomen/pelvis with IV contrast studies before and after chemotherapy. Patients were followed for up to 10 years with CT abdomen/pelvis with IV contrast studies after their last chemotherapy treatment to calculate incidence. We did not rely on patient's history, but reviewed each CT scan independently and confirmed our review with a radiologist's dictation. Each CT abdomen/pelvis was independently reviewed by the same physician.
A prior history of nephrolithiasis was determined by a comprehensive chart review of each patient's past medical as well as past surgical history. Each note dictated by the patient's oncologist and by their primary care physician was carefully reviewed to assess for prior history of nephrolithiasis. Furthermore, each pretreatment CT study was reviewed to search for history of nephrolithiasis.
Exhaustive manual chart reviews for diagnosis and surgery of nephrolithiasis was performed using Epic to further identify patients with symptomatic stones. All results were confirmed by identifying the stone manually on imaging (abdominal/ pelvic computerized tomography (CT). We excluded any subject with a history of nephrolithiasis prior to chemotherapy initiation to determine the primary outcome, cumulative incidence of de novo kidney stone formation. This was not reported as person--time incidence rate because this measure assumes that the incidence rate is constant over different periods of time.
The secondary outcomes were risk factors for stone formation (expressed as odds ratio with 95% confidence intervals) derived from demographic and clinical variables. Clinical variables examined included age, race, gender, primary malignancy, diabetes mellitus, hypertension, hyperlipidemia, obesity, allopurinol use, other stone preventing drugs (potassium citrate, thiazide diuretics), peak serum values (uric acid, calcium, potassium, and phosphorous) and trough urinary pH during chemotherapy. Chemotherapy regimen was not included as a clinical predictor variable because many patients were treated with multiple chemotherapy regimens as a result of relapse, making comparisons difficult. Results of 24-hour urine collections, time to stone formation, size, location, Hounsfield Units (HU) of stone, symptoms of stone presentation, and management of symptomatic stones were also recorded.
Because allopurinol use was more commonly associated with stone formers in our initial analysis, we performed a sub-analysis to determine differences in allopurinol users versus non--allopurinol users.
Statistical analysis
Comparative statistics were used to compare demographic and disease specific variables for patients who developed de novo stones versus those who did not, and to compare patients who took allopurinol versus those who did not. Independent t-test and Mann-Whitney U test were used for continuous variables depending on distribution, and Chi-square and Fishers exact test were used for categorical variables. Proportion of all predictor variables forming stones was determined with Chi-square testing for significance. Multivariate analysis using binary logistic regression (with backwards log-rank model building) was performed on variables found to be statistically significant on univariate analysis, or of clinical interest to identify predictors of de novo stone formation; only the variables that remained significant on multivariate analysis were included in the final model. All reported p-values were 2-sided, with p<0.05 considered statistically significant. Statistical analyses were performed using SPSS software (version 18.0, SPSS Inc., Chicago IL).
RESULTS
There were 1,316 patients with either a lymphoproliferative or myeloproliferative disorder and no pre-existing stone disease treated between 2001 and 2011. The incidence of overall and symptomatic de novo nephrolithiasis was 72/1316 (5.5%) and 24/1316(1.8%). Lymphoproliferative disorders comprised 68.3% of the cohort, with the most prevalent disorders being Non-Hodgkin lymphoma and ALL, while acute myeloid leukemia (AML) was the most prevalent myeloproliferative disorder ( Figure-1 ). There were no differences in age, gender, race, rates of obesity, allopurinol utilization, urinary pH, and serum phosphorus levels between stone formers and non-stone formers (Table-1). Proportion of patients with diabetes mellitus (13.9% vs. 3%, p<0.001), hypertension (20.8% vs. 8.8%, p=0.003), hyperlipidemia (15.3% vs. 3.7%, p<0.001), stone prevention drug use (26.4% vs. 6.8%, p<0.001), hyperuricemia (36.5% vs. 19.7%, p=0.007), and hypercalcemia (26.1% vs. 12.9%, p=0.006) were statistically higher in the stone-formers. Non-Hodgkin lymphoma constituted 28% of the hematologic malignancies observed in stone formers followed by Hodgkin lymphoma (15%), diffuse large B cell lymphoma (13%) and then AML (13%) ( Table-2 ). There were no differences in the proportion of primary hematologic malignancies observed in stone formers vs. non-stone formers (p=0.601) ( Table-2) . Specifically, there were no significant differences in rates of any lymphoproliferative disorder (diffuse large B cell lymphoma, Non-Hodgkins lymphoma, Hodgkins lymphoma, chronic lymphocytic leukemia, acute lymphoblastic leukemia, or multiple myeloma/Waldenstrom's macroglobulinemia) among patients with or without stones, nor were there any significant differences observed in rates of any myeloproliferative disorder (AML or chronic myelogenous leukemia) among patients with or without stones.
Among stone formers, the median urinary pH was 5.5, the mean serum uric acid was 7.5, calcium was 9.6, potassium was 4.3, and phosphorus level was 3.8 mg/dL. Median stone size was 3 mm, median HU was 341, median time from initial chemotherapy to incident stone formation was 3.9 months (1.3-10.7), and 34.8% of stones were symptomatic.
Only 30 of the 72 stone formers (43.5%) underwent very elementary 24-hour urine collections, and median 24-hour urinary volume was 1,873 mL. Only 1 of 30 patients undergoing 24-hour urine collection had 24-hour urinary uric acid and calcium levels analyzed, and this patient had both hyperuricosuria (urinary uric acid 825 mg) and hypercalciuria (urinary calcium 334 mg). No stones were analyzed, however, spot urinalyses performed during chemotherapy demonstrated crystalluria in 11 patients (15.2%): calcium oxalate crystals observed in 10 (14.3%) and uric acid crystals observed in 1(1.4%).
Allopurinol users had different metabolic parameters compared with non-allopurinol users (mean uric acid 7.4 vs. 5.9 mg/dL, p<0.001, mean potassium 4.3 vs. 4.1 mg/dL, p=0.002, and mean phosphorus 4.0 vs. 3.7 mg/dL, p=0.018 respectively). The proportions of diffuse large B cell lymphoma (DLBCL) (11%vs. 6.6%, p=0.020) and CLL (19.2% vs. 5.8%, p<0.001) were also significantly higher in allopurinol users, while proportions of Hodgkin lymphoma (HL) (5.0% vs. 9.9%, p=0.020) and acute myeloid leukemia (AML) (14.2% vs. 21.4%, p=0.016) were significantly lower. Hyperuricemia (35% versus 16.1%, p<0.001, respectively), and hypercalcemia (17.6% vs. 12.8%, p=0.065) were observed more frequently in allopurinol users than non-allopurinol users.
In multivariate analysis, diabetes mellitus (OR=6.38, p<0.001), hyperuricemia (OR=2.31, p=0.007), and hypercalcemia (OR=2.14, p=0.022) at time of chemotherapy predicted de novo stone.
DISCUSSION
The findings from this study spanning 10 years support the hypothesis that metabolic derangements during chemotherapy are associated with an increased risk of nephrolithiasis. Previous extensive reports demonstrating this include a pediatric study of over 2,000 children treated for ALL and a Korean study of over 900 adults who were treated for both lymphoproliferative and myeloproliferative disorders (5, 8) . Both investigations demonstrated that the incidence of nephrolithiasis in these populations was significantly higher than in the general population. Until these reports, the claim of increased nephrolithiasis risk with hematologic malignancy had been substantiated by only case reports and the plausible pathophysiologic theory of endogenous nucleotide catabolism.
The investigators of the pediatric stone study postulated that stone formation was associated with chemotherapy, but perhaps more importantly was due to glucocorticoid therapy. Steroids are used in multiple contexts for lymphoproliferative diseases and can increase the risk of nephrolithiasis by decreasing renal calcium absorption. The authors cited the predominance of calcium-based stones as opposed to uric acid stones as evidence supporting the steroid-nephrolithiasis hypothesis (8) . However, almost half of stone analyses in the Korean adult study showed uric acid stones despite the common use of glucocorticoid therapy (5).
Our study included a predominance of calcium oxalate over uric acid crystals, although no stones were formally analyzed, and the median HU of de novo stones was 341, suggesting a mixture of (10) . Diabetes is thought to be a risk factor for uric acid calculi due to insulin resistance leading to low urinary pH associated with defective ammonia synthesis occurring in the proximal tubule cell as well as ammonium transport into the renal tubular lumen (11) . The role of diabetes mellitus in our study is significant, as it was associated with an over 6-fold increased risk of nephrolithiasis. Allopurinol is a xanthine oxidase inhibitor frequently used prophylactically to decrease the uric acid production prior to instituting chemotherapy for patients at risk for TLS (12) . In a double blinded randomized prospective trial, allopurinol utilization decreased the number of stone events while increasing the time to recurrence of stone event among calcium oxalate stone formers with hyperuricosuria on 24-hour urine collections, substantiating its preventive role in patients at risk for calcium oxalate nephrolithiasis (13) . Published guidelines regarding the prevention and management of TLS include specific recommendations for the appropriate utilization of allopurinol (14) . Risk factors for TLS include tumor type (Burkitt's lymphoma, lymphoblastic lymphoma, diffuse large cell lymphoma, ALL), tumor burden/ extent of disease defined by elevated WBC>25,000 and/or bulky nodal disease >10 cm, preexisting renal failure, and baseline uric acid≥7.5 mg/dL (14) . These high-risk patients are recommended to undergo aggressive hydration, urinary alkalinization, diuresis, and allopurinol or recombinant urate oxidase (rasburicase) prophylaxis. Our data demonstrated patients at higher risk for TLS received allopurinol more frequently than those at lower risk, as one would expect, but in multivariate analysis use of allopurinol did not decrease incident stone risk, presumably due to selection bias. Given this and our finding that hyperuricemia is a risk factor for stone formation in this population, recombinant urate oxidase (rasburicase) may offer an advantage, as it catalyzes the conversion of uric acid to allantoin, which is 5-10 times more soluble in urine (14) . Rasburicase has been well studied in both pediatric and adult patient populations at risk for TLS, demonstrating a significantly more rapid lowering of serum uric acid levels compared to allopurinol (15) (16) (17) . Current guidelines for management of TLS recommend rasburicase in pediatric patients at high risk for TLS and in adults with hyperuricemia diagnosed with TLS or refractory to allopurinol (14) . Our findings suggest that prompt and effective treatment of hyperuricemia may prevent upper tract stone formation and reduce the incidence of nephrolithiasis.
Unfortunately, our study highlights both the low number of 24-hour urine collections (43.5%) as well as the lack of necessary detail in these 24-hour urine collections (3.33%) performed in high-risk stone formers. Urological consultations were infrequently obtained in this patient population, and as such, metabolic stone evaluations were rarely performed in these patients. While it would have been incredibly useful to have a 24-hour urine collection in every single stone former, the absence of this data provides an area of opportunity for urologists to improve the care of these patients. Urologists should be consulted in the care of such patients to appropriately work up the etiology of stone disease, and thereby prevent future stones from occurring.
Inherent limitations of this retrospective study are acknowledged, specifically, selection bias was observed when comparing patients receiving allopurinol prophylaxis. Patients in our study attended regular office visits and underwent frequent cross-sectional imaging for oncologic management and surveillance, resulting in more opportunities to diagnose asymptomatic nephrolithiasis. Moreover, patients may have been more likely to report symptoms of abdominal or flank pain at follow-up visits, increasing the likelihood of diagnosis of nephrolithiasis.
CONCLUSIONS
We report the incidence of de novo nephrolithiasis in patients with lymphoproliferative or myeloproliferative disorders undergoing chemotherapy. This study also identifies diabetes mellitus, as well as hyperuricemia and hypercalcemia at time of chemotherapy as risk factors for nephrolithiasis that should assist oncologists in appropriately selecting patients for prophylaxis, while also providing urologists an earlier opportunity to collaborate and assist in treatment and evaluation of nephrolithiasis. 
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